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(57) An up-converter for digitally sanpled baseband 
signals having the sjnc(x) spectral replication functional- 
ity of a DAG, using a post-DAC. band pass filter to iso- 
late a baseband replica that falls within that sidelobe of 
the DAG'S sinc(x) frequency response containing the 



desired IF. The parameters of a pre-compensation filter 
and the gain of a post DAG amplifier are set to compen- 
sate for the distortion and attenuation imparted by the 
DAG'S sinc(x) frequency response. 
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Description 

The present invention relates to communication 
systems and to the use of a cfigital-to-aralog converter 
(DAC) and associated pre-compensation and post-con- 
version filter ctrcuttry to directly up-convert a digitally 
sampled fc>aseband signal into an intermediate fre- 
quency (IF) analog output signal. 

Current implementations of (IF) ip-conversion cir- 
cuitry used in communication equipment for digitally for- 
matted baseband signals customarily employ multiple 
frequency conversion (local oscfllator/mixer) stages, in 
order to realize a desired IF analog output signal, to be 
sillied to the RF transmitter. The front end of such IF 
up-conversion circuitry, to which the digital baseband 
signals are applied, is configured as shown in Rgiffe 1 
to include an up-conversion section 10, the output of 
which is filtered in a pre-compensation filter 20 at the 
input to a digital-to-analog converter (DAC) 30. 

The initial up-conversion section 10 includes a 
quadrature interpolation filter 1 1 to which respective In- 
phase (I) and quadrature phase (Q) components of the 
digitally sampled baseband signal are applied. To con- 
form with Nyquist-based standards, the sampling fre- 
quency of the interpolation f 8ter 1 1 is greater than twice 
(e.g., on the order of two arxi one-half times) the highest 
frequency of the up-converted frequerK^ of interest 
The respective I and Q components of the interpolated 
baseband signal are then multiplied in respective mixers 
12 and 13 by an IF local oscillator signal 14, and the 
resulting up-converted I arxJ Q components are then 
summed in summing unit 15. The output of summing 
unit 15 is a real signal S. respective time and frequency 
domain representations of the signal S are shown in 
Rgures 2 and 3, which is applied to the pre-compensa- 
tion filter 20. 

The pre-compensation filter 20 is operative to conrv 
persate tor roll off in the main lobe of a (sinc(x)) fre- 
quency domain distortion function, diagrammatically 
illustrated in Rgure 4, to wWch the frequency content of 
the signal S is subjected by the DAC 30. (Rgure 5 
shows the time donrtain representation of the ideal 
impulse response of the DAC 30.) Since a sinc(x) func- 
tion has very shallow roll-off at frequencies belcw fs/2 
(the interpdated Nyquist frequency), the roll-off in the 
main lobe is normally very minor. As ft Is converted into 
analog format by the DAC 30, the sampled time 
response of the signal S shown in Figure 2 is convolved 
with the DAC*s time domain response of Rgure 5, so 
that the output of the DAC 30 has a resultant time 
domain characteristic shown in Rgure 6. 

As tlustrated in Rgure 7, which is the frequency 
domain representation of the convolved DAC output of 
Rgure 6, the output of the DAC 30 effectively contains 
an infinite number of sidelobe^resident 'replicas* or 
Images* of the frequency content of the sampled base- 
barxi signal shown in Rgure 2. These spectral replicas 
or images are mirrored or folded symmetrically above 



ard below respective (center) frequencies that are inte- 
gral multiples of fs/2 and multiplied by the sinc(x) fre- 
quency domain response function of the DAC. shown in 
Rgure 4. 

5 This resultant output of the DAC 30 is lowpass fil- 
tered by a (smoothing) lowpass filter 40, to produce an 
analog baseband signal, shown In Rgure 8. Since, as 
noted above, the pre-compensation filter 20 is c^erative 
to compensate for roll-off in the main lobe of the 

w (sinc(x)) frequency domain distortion function of Rgure 
4, the combination of tiie pre-compensation filter 20 
prior to the DAC 30 with the low pass filter 40 at the out- 
put of DAC is effective to remove all of the unwanted 
spectral replicas of the basebarxi beyond tiie funda- 

15 mental or main lobe frequency response of the lowpass 
filtered analog signal, as shown in Rgure 9. 

Now although the odginal baseband digital signal is 
now in analog format, this analog signal is still not at the 
intended IF frequency. It is necessary to perform up- 

20 conversion of ttie converted analog baseband signal to 
the IF frequency of interest by means of a further analog 
IF uiit 50. to which the output of the DAC 30 is coupled 
via an ampiifier 45. Similar to up-converter section 10, 
analog IF unW 50 includes a local oscillator 51 , the out- 

25 put of which is multiplied in a nruxer 52 by the analog 
baseband signal output by lowpass filter 40. and cou- 
pled to an IF bandpass fitter 55 from which the IF output 
signal is derived. Undesirably, each of these additional 
components adds to the amount of hardware required 

30 for up-conversion and therefore increases the cost of 
the up-converter 

The present invention includes a method of up-con- 
verting a baseband signal having a given bandwidth to 
an output signal having said given bandwidth centered 

35 at a prescrft)ed center frequency higher than tiiat of said 
basebarxi signal comprising the steps of providing said 
baseband signal as a sampled input basek>and signal; 
providing a digital-to-analog converter that is operative 
to convert a sampled signal supplied thereto into an 

40 analog signal having a spectral content containing ds- 
torted repScas of the frequency content of said sampled 
signal at successively ac^acent spaced-apart center fre- 
querKies; modifying a prescrft^ed frequency content of 
said sampled input basebarxi signal in accordance with 

45 a pre-compensation mechanism that is operative to pre- 
distort said sampled baseband signal into a pre-<fis- 
torted sampled baseband signal, such ttiat processing 
of said pre-distorted sampled baseband signal by 
means of the digital-to-analog converter so as to pro- 

so duce an analog output signal having a spectral conterrt 
of said sampled basebarvl signal at successively adja- 
cent spaced-apart center frequencies, but with normally 
distorted replicas thereof compensated by said pre- 
compensation mechanism; couplkig said pre-distorted 

55 santpled baset>and signal to said digital-to-analog con- 
verter, so as to produce said analog output signal in 
which said replicas of the frequency content of said 
sampled basebarxi signal have been compensated by 
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said pre-compensation mechanism; and subjecting the 
analog output signal so produced to a bandpass fittering 
operation wtvch produces a banc^ss-filtered analog 
output signal having a frequency content that is limited 
to a compensated replica of the frequency content of 5 
said baseband signal at said prescrft)ed center fre- 
quency. 

The invention also includes a signal processing 
apparatus for up-converting a digitally sampled base- 
band signal having a given bandwidth to an analog out- w 
put signal having said given bandwidth centered at a 
prescribed center frequency higher than that of said dig- 
ital baseband signal comprising: 

an input signal port to which said digitally sampled is 
basebarxJ signal is applied: 
a digital-to-anafog converter that is operative to 
convert a sarrpled signal supplied thereto into an 
analog signal having a spectral content containing 
distorted replicas of the frequency content of said 20 
sampled signal at successively adjacent spaced- 
apart center frequencies: 

a pre-compensation filter installed between said 
input signal port and said dgital-to-analog con- 
verter arxt being operative to pre-distort said cfigit- 2s 
ally sarrpled baseband signal into a pre-distorted 
digitally sampled baseband signal, such that 
processing of said pre-distorted digitally sampled 
basebarxJ signal by said digital-to-analog converter 
produces an analog output signal having a spectral 30 
content of said digitally sampled baseband signal at 
successively ac^acent spaced-apart center fre- 
quencies, but with normally distorted replicas 
thereof compensated by said pre-compensation 
mechanism; and 35 
a barvipass fiter which is coupled to receive said 
analog output signal produced by said digital-to- 
analog converter and produces a bandpass-filtered 
analog output signal having a frequency conterrt 
that is limited to that of a compensated replica of 40 
the frequency content of said baseband signal at 
said prescribed center frequency. 

Conveniently, rather than remove the entirety of the 
spectral replica content in the output of the DAC that lies 45 
beyond the furxiamental or baseband component of the 
DAC*s frequency response, as in Iviown up-conversion 
scheme of Figure 1, advantage is taken of such spectral 
replication functjonaTity of the DAC to extract a desired 
IF-centered replica that falls within a prescrbed pass- so 
band portion of the DAC's frequency response. 

In the conventional IF up-converston crcuit of Fig- 
ure 1. the front end of the up-converter also includes a 
quadrature interpolation filter to which respective bi- 
phase and quadrature phase components of the digit- ss 
ally sampled baseband signal are appied. The respec- 
tive I arvi Q compor>ents of the interpolated baseband 
signal are up-converted via nruxers and an IF local osdl- 



lator and then summed to produce a real signal S. 

The real signal S is coupled to a DAC through a pre- 
compensation fOter. UnGke the pre-compensation fitter 
in the conventional up-converter apparatus of Figure 1, 
having a transfer function that compensates for roll off in 
the first or main lobe of the (stnc(x}) frequency domain 
distortion function of the DAG, the transfer function of 
pre-compensation filter used in the invention is tailored 
to compensate for roO off in that sidelobe of the (sinc(x)) 
frequency domain distortion function which contains the 
desired IF frequency f ip The pre-compensation filter is 
located between the output of tiie up-converter and the 
input to the DAC. 

An additional diffa'ence between the apparatus of 
the pres^ invention and the known up-converter of 
Figure 1 is the resultant output of the DAC is banct^ass- 
fBtered by an Image-selecting' bandpass filter, rather 
than towpass filtered. The pass barxJ of the bandpass 
fHter falls between a lower integral multiple of one-half 
the sampling frequency (nfs^), and an immediately 
acQacent upper integral multiple of one-haH the sam- 
pKng frequency ((n 4 1 )fs/2 ). so that the bandpass ti- 
ter isolates a respective replica of the frequency content 
of the signal at the desired IF frequency f|p 

The output of the bandpass filter is coupled to an 
amplifier which amplifies the bandpass-filtered analog 
output signal, so as to compensate for attenuation of 
signal by the bandpass filter-selected sidelobe of the 
frequency domain representation of the convolved DAC 
output SirKe the output of the arrplifier is the original 
baseband signal up-converted to the desired intermedi- 
ate frequency f |p the need to perform further ip-coriver- 
ston of the anak>g baseband signal to the desired IF 
frequency, for example, as by way of the analog IF unit 
50 of the conventional up-converter of Rgure 1 is obvi- 
ated, thereby reducing the hardware and cost of the up- 
converter. 

Advantageously, the pre-compensation filter is 
ir)serted in the signal processing path upstream of the 
interpolation operation, which allows the filter to nni at a 
lower computational rate. If the quadrature (1/Q) input 
signal is DC-centered, the pre-compensation fitter is a 
complex filter, since its pre-compensation characteristic 
is asymmetric about DC. 

The pre-compensation titer also may be aug- 
mented by an arrterpdation-by-two filter, an Fs/4 up-corv 
verter stage upstream of the pre-compensation filter, 
and an Fs/4 down-converts stage downstream of the 
pre-compensation fitter. 

A process of a real (non-conrplex) input signal 
forms a non-complex pre-compensatk>n filter inserted 
Into the signal processing path upstream of an onterpo- 
lation operation carried out by an interpolation f Oter of 
the ip-conversion section. Moreover, viserting the pre- 
compensation f3ter prior to the interpolation operation 
alk3ws the pre-compensation filter to rui at a reduced 
computational rate. 

Siitably, a sample rate expanding stage is inserted 
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between the output of the up-conversion section and the 
DAC. This sample rate insertion stage serves to miti- 
gate the sinc(x) roll-off effects in the DAC. by performing 
an L*f6ld multiplication of the number of spectral repli- 
cas in each sinc(x) lobe, where L is the expansion fac- 5 
tor. As a result the ampBtude distortion across each 
replica near the center of each sinc(x) lot^ is not so 
severely attenuated. 

The invention will now be described, by way of 
example, with reference to the accompanying drawings 10 
in which: 

Rgure 1 diagrammatically illustrates a conventional 
implementation of (IF) up-conversion circuitry used 
in communication equipment for digitally formatted is 
signals; 

Rgures 2 and 3 show respective time and fre- 
quency domain representations of a digitally sanv 
pled baseband signal; 

Rgure 4 diagrammatically illustrates a (sinc(x)) fre- 20 
quency domain distortion function produced by a 
di^al-to-analog converter; 
Rgure 5 shows the time domain representation of 
the Ideal irrpulse response of a digrtal-to-analog 
converter; 25 
Rgure 6 shows the resultant time domain charac- 
teristic produced by convolving the sampled time 
response of Rgure 2 with the time domain repre- 
sentation of the ideal impulse response of a digital- 
to-analog converter of Rgure 5; so 
Rgure 7 shows the frequency dentin characteristic 
associated with the time domain response of Rgure 
6; 

Rgure 8 shows an analog baseband signal pro- 
duced by low pass filtering the output of the DAC 30 ss 
rf the conventional implementation of (IF) up-con- 
versbn circuitry of Rgure 1; 
Rgure 9 shows the frequency domain characteristic 
of the lowpass filtered analog basebarKt signal of 
Rgure 8; 4o 
Rgure 10 diagranvnatically illustrates the configu- 
ration of an (IF) up-converter; 
Figure 1 1 shows the spectral output of the band 
pass filter 400 of the i^[)-converter of Rgure 10, 
which falls between a lower frequency of 60 MHz at 4S 
a first integral nnjltiple (nfs/2) of one-half the sam- 
pling frequency of 40 MSPS, and an immediately 
adjacent upper integral multiple ((n+1)fs/2) of 
one-half the sampling frequency of 80 MHz; 
Rgure 12 shows the time domain associated with so 
the band^ss filter spectral output of Rgure 11; 
R^res 13 and 14 respectively show fame and fre- 
quency dentin representations of the digitally sam- 
pled t>aseband signal produced by the summtng 
unit 15 of Rgure 10; ss 
Rgure 15 shows the sinc(x) spectrum of a resultant 
signal produced by DAC 30 in Rgure 10, each.lobe 
of which contains pairs of replicas of the (7 MHz 



wide) baseband signal centered at respective fre- 
quencies 10 MHz, 30 MHz, 50 MHz, 70 Mt-lz, 90 
MHz. 110 MHz. etc.; 

Rgure 16 shows a secorxi embodment of the 
invention, in which the pre-compensation filter is 
inserted into the signal processing path upstream 
of the interpolation operation; 
Rgife 17 shows a third embodiment of the inven- 
tion, in which the pre-compensation filter of the 
embodiment of Rgure 16 is replaced by an interpo- 
lation-by-two filter, an Fs/4 up and down converter 
stage and a quadrature pre-compensation filter; 
Rgure 18 shows the spectral characteristic of the 
output of the interpolate-by-two fifter 210 of the 
embodiment of Rgure 17; 
Rgue 19 shows the spectral characteristic of the 
output of center-frequency shifting complex mM- 
plier 520 of the errbodiment of Rgure 17; 
Rgue 20 shews a fourth embodiment of the inven- 
tion for the case of a real (non-complex) input sig- 
nal; 

Rgtre 21 shows a fifth embodiment of the inven- 
tion, in which a sample rate exparxjer is inserted 
t}etween the output of ip-conversion section and 
the DAC; and 

Rgure 22 diagrammatically iDustrates the manner 
in which the sample rate expander of the emlxxii- 
mert of Rgure 21 performs an L-fold multiplication 
of the number of spectral replicas in each sinc(x) 
loba 

B^re describing the (IF) up-conversion signal 
processing apparatus, it should be observed that the 
invention resides in an arrangement of digital ard ana- 
log convnunication circuits and associated signal 
processing components. Consequently, the configura- 
tion of such circuits and components and the manner in 
which they are interlaced with other communication sys- 
tem equqpment have, for the most part been illustrated 
in the drawings understandable block diagrams, whk:h 
show only those specific details. Thus, the block dia- 
gram illustrations are primarily intended to show the 
major components of the up-conversion apparatus in a 
convenient functional grouping. 

Rather than remote the entirety of the spectral rep- 
rica content in the output of the DAC that lies beyond the 
baseband component of the DAC's frequency response, 
t>e up-conversksn scheme retains this spectral replica- 
Hon functKMiality, and selectively extracts a desired IF- 
centered replica that falls witNn a preserved pass-band 
portion of the DAC's frequency response (correspond- 
ing to the bandwidth of the baseband signaQ. 

Rgue 10 shows the conventfonal IF up-conversfon 
circuit of Rgure 1. the front end of the up-converter ol 
the present invention includes a quadrature interpola- 
tion f ater 1 1 to wfvch respective in-phase (Q and quad- 
ratue phase (Q) components of the digitally sampled 
basebarvl signal are applied. (As in the up-converter of 
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Rgure 1, the sampling frequency fs of the interpolation 
fiHer 11 is at least twice the highest frequency of the ip- 
converted frequency of interest) The respective I and Q 
conr^XKients d the interpolated baseband signal are 
mutt^lied in respective mixers 12 and 13 t>y an IF local 
osdllator signal 14, and the resulting up-converted I and 
Q components are then summed in summing unit 15, to 
produce a real signal S, whose time and frequency 
domain representations of the signal S are as shown in 
Rgures 2 and 3, respectively, as described above. As a 
non-limiting example, the up-converter components of 
the front end up-converter nay comprise an HSP 451 1 6 
NCOM modulator ch'p manufactured by Harris Corp. 

The real signal S is coupled to DAC 30 through a 
pre-compensation filter 200. DAC 30 may comprise an 
HI 3050 digital-to-analog converter, manufactured by 
Harris Corp., and pre-corrpensation filter 200 may com- 
prise a finite impulse response (FIR) fitter, such as an 
HSP 43168 FIR fiHer. also manufactured by Harris 
Corp., as non-limiting examples. Unlike the pre-conv 
pensation fiHer 20 in the conventional up-converter 
apparatus of Figure 1 (whose transfer function compen- 
sates for roll off in the first or main lobe of the (sinc(x)) 
frequency domain distortion function of the DAC), the 
transfer function of pre-compensation fiHer 200 is tai- 
lored or luned* to compensate for roll off in a selected 
sidelobe of the (sinc(x)) frequency domain distortion 
function of the DAC. other than the main loba In partic- 
ular, the transfer function of pre-compensation fitter 200 
is tailored to compensate for roll off in that sidelcbe of 
the (sinc(x)) frequency domain cfistortion function which 
contains the desired IF frequency f ip and any other DAC 
transfer function cfistortioa 

For purposes of providng a non-Gmrting example, 
as shown in Rgure 7, such a sidelobe may correspond 
to the first sidelobe 71 of the frequency domain repre- 
sentation of the convolved DAC output Sidelobe 71 
contains a pair of replicas 72 and 73 of the frequency 
content of the sampled baseband signal of Figure 2, 
that are folded symmetrically above and below a 
respective integral muHiple of one-half the sampling fre- 
quency fs. By configuring the parameters of pre-com- 
pensation fater 200 to compensate for the roll off 
behavior of this sidelobe. then that portion of the 
(sinc(x)) frequency domain distortion output function 
and any other distortion imparted to the interpolated 
baseband signal by the DAG 30 win not distort the 
desired baseband replica 72 or 73 contained in that 
sideloba (The characteristics of pre-compensation fitter 
200 may be tuned for a given porton of the sidelobe 71 
containing the replica of interest (72 or 73), or for the 
entirety of the sidelobe, exclusive of the endpoints.) 

An addtional difference between the apparatus of 
the present invention shown in Rgure 10 and the con- 
ventional up-converter of Rgure 1 is the fact that the 
resuHant output of the DAC 30 is bandj^ss-f ittered by a 
(sidelobe-selecting) banc^ass fitter 400, rather than 
lowpass fittered. Band^ss fOter may comprise a P- 



series bandpass fiHer manufactured by Trilrthic Corp. As 
shown in Rgure 1 1 . the pass band 41 1 of fitter 400 
should at least cover a frequency range of the bands of 
interest between a lower integral multqale of one-half the 

5 sam):ding frec^ency (nfs/Z), and an immediately adja- 
cent upper integral muHiple of one-half the sampling fre- 
quency ((n + 1)fs/2) , so as to isolate a respective 
replica 1 1 1 of the frequency content of the signal at the 
desired IF frequency ftp 

10 TTie output of bandpass fitter 400 is coipled to an 
amplifier 450 wNch amplifies the bandpass-f ittered ana- 
log output signal, whose time domain content is shown 
In FiguTB 1 2, so as to compensate for attenuation of sig- 
nal bf the bandpass fiHer-selected sidelobe 71 of the 

15 frequency domain representation of the convolved DAC 
output of Rgure 7. Since the output of amplifier 450 is 
the original baseband signal up-converted to the 
desired intermediate frequency f|p the need to perform 
further q>conversion of the analog baseband signal to 

20 the^desired IF frequency, for example, as by way of the 
analog IF unH 50 of the conventional up-converter of 
Rgure 1 is obviated, thereby reducing the hardware and 
cost of the i^HXWTverter. 

For purposes of providing a non-limiting illustration 

25 of the operation of tiie up-converter of Rgure 10, 
descrbed above, let H be assumed that tt is desired to 
up-convert a 7 MHz wide baseband signal, originally 
sampled at 10 megasamples per second (MSPS) to an 
IF center frequency of 70 Mhz. For a DAC having a sam- 

30 pfing rate of 40 MSPS, an interpolation factor of four is 
used to increase the original 10 MSPS sampling fre- 
quency of the I and Q conponents of the interpolated 
baseband signal. For the parameters of the present 
example, DAC 30 must also have an output bandwidth 

35 that is wide enough to prevent severe attenuation of the 
corrverted signal at frequerKies up to approximately 75 
Mhz. The aix]ve-referenced HI 3050 model DAC wilt 
provide this desired perlbrmance. tt will also be 
assumed tiiat the inHial up-conversion operation per- 

40 formed by I and Q mixers 12 and 13 and IF local osciBa- 
tor signal 14 produces a center frequency of 10 Mhz. 
The residing up-converted I and Q components (cen- 
tered at 10 MKZ) are added together in surrvning unH 
15, to produce a real signal S, wfK>se time and fre- 

45 quency domain representations of the signal S are 
respectively shown in Rgures 13 and 14. 

When this 10 MHz si^al S is cotpled through pre- 
conpensatnn titer 200 arxi converted into analog for- 
mat by DAC 30, what resuHs is a signal having a sinc(x) 

50 frequency spectrum characteristic as shown in Rgure 
15. The roll-off condensation of pre-compensation fitter 
200 will cover at least that portion of the sidelobe * 
between acfacent inte^-al muHiples of one-half the sam- 
pSng frequency arxl containing the IF frequency arxJ 

55 signal barxiwidth of interest 

The parameters of the pre-compensation fitter 200 
are designed to compensate for the roll off behavior of 
at least that portion of ttie first sidelobe of the DAC*s 
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(stnc(x)) distortion function containing the baseband 
replica 73 that is centered about the desired center fre- 
quency of 70 MHz, namely covering a compensation 
bandwidth of at least from 66.5 Mhz and 73.5 MHz. 

For the replica 73 of the signal S at the desired IF 
center frequency and signal bandwidth of the present 
example, the pass band of filter 400 is set to have a flat 
response that at least covers 7 MHz wide band cen- 
tered at 70 MHz. namely a substantially flat response 
between at least 66.5 MHz and 73.5 MHz, and steep 
attenuation outside this pass band, so as to suppress 
unwanted replicas of the baseband signal and the base- 
band signal itself within the sinc(x) output of the DAC. 
Namely, the bandpass fitter 400 has a passband whose 
lower frequency limit is no less^ than the upper fre- 
quency boundary of an immediately lower replica of the 
frequency content of said baseband signal and whose 
upper frequency limit is no higher than the lower fre- 
quency boundary of an immediately higher replica of 
the frec^ency content of said baseband signal. 

Rgure 1 5 shcfws the dosest edges of adjacent rep- 
licas occur at 53.5 Mtn (for an immediately lower fre- 
quency replica 72 centered at 50 MHz) and 86.5 Mhz 
(for an immediately high frequency replica 74 centered 
at 90 MHz), respectively, therefore, the passband of fil- 
ter 400 should severely attenuate frequencies equal to 
or less than 53.5 MHz and equal to or greater than 86.5 
MHz. 

The resultant, isolated ip-converted 7 MHz wide 
analog signal is then amplified by amplifier 450, the gain 
of which is established to compensate for attenuation of 
the original signal by the first sidelobe of the sine (x) 
function of the convolved DAC output and other DAC 
distortion, as descrai>ed above. Thus, the output of 
amplifier 450 is the original baseband signal up-con- 
verted to the desired intermedate frequency f|p of 70 
MHz. 

Figure 16 shows another embodiment in which the 
pre-compensation filter 200 is inserted into the signal 
processing path upstream of the interpolation operation 
(carried out by quacirature interpolation titer 11). Li>cat- 
ing pre-compensation f 3ter 200 prior to the interpolation 
operation allows the pre-compensation fiHer 200 to run 
at a lower computational rate. If the quadrature (l/Q) 
input signal Is DC-centered, the pre-compensation fitter 
200 must be a corrplex filter, since its pre-compensa- 
tion characteristic is asymmetric about DC 

Rgure 17 shows an embodiment in which the pre- 
compensation fater 200 of the embodament of Rgure 1 5 
augmented by an interpolate-by-two filter 210 and an 
Fs/4 up-converter and down-converter staga The Fa^4 
upK^onverter stage 500 includes an Fs/4 local oscOlator 
510 coupled to complex multipliers 520 and 530, dis- 
posed upstream and downstream, respectively, of pre- 
conpensation fater 200. The spectral characteristic of 
the output of quadrature interpolate-by-two titer is 
shown in Rgure 18, while the spectral characteristic of 
the output of center-frequency shifting complex mulli- 



ptier 520 is shown in Figure 19. 

Rgure 20 shows a further errtxxfiment for the case 
of a real (non-complex) irput signal, in which a non- 
complex pre-compensation titer 200R is inserted into 

5 the signal processing path upstream of an interpolation 
operation carried out by an interpolation filter 1 1 R of if)- 
conversion section 10R, containing local oscilator 14 
and mutttplier 12. As described above with reference to 
the errtxxliment of Rgure 16, locating pre-compensa- 

10 lion titer 200R prior to the interpolation operation allows 
the pre-compensation filter to run at a lower computa- 
tional rate. 

Rgue 21 shows another embodiment, a modifica- 
tion of the eariier embodiment of Rgure 16. in which the 

15 pre-compensation filter 200 is Ins^ed irrto the signal 
processing patfi upstream of the interpolation opera- 
tion. In addition, a sample rate expander 600 is inserted 
between the output of i^converston section 10 arxJ 
DAC 30, which is operative to mitigate the sinc(x) roll-off 

20 effects in the DAC. In particular, as diagrammatically 
illustrated in Rgure 22, the sample rate expander 600 
performs an L-fold multiplication of the number of spec- 
tral replicas in each sinc(x) lobe, where L (e.g., two as a 
non-limiting example) is the expansion factor. As a con- 

25 sequence, the amplitude distortion across each repRca 
near the center of each sinc()^ lobe is not so severely 
attenuated. 

Rather than use a low pass filter to remove the 
enttr^ of the spectral replica content in the output of 

30 the DAC that lies beyond the fundamental or baset>and 
component of the DAC's sinc(x) frequency response, 
and then employ downstream analog up-converter com- 
ponents to acfiieve the desired IF frequency, as in the 
prior art up-conversion scheme of Rgure 1 , the present 

35 invention takes advantage of the spectral replication 
functionality of the DAC, using a band pass f iter to iso- 
late a baseband repHca that falls within that sidelobe of 
the DACs sinc(x) frequency response containHfig the 
desired F. The parameters of a pre-compensation fitter 

40 and the gain of a post DAC amplifier are established to 
compensate for the cSstortion and attenuation imparted 
by the sinc(x) sidelobe and other distortion output by the 
DAC containing the desired IF. 

An up-converter for digitally sampled baseband sig- 

is nals having ttie sinc(x) spectral replication functionality 
of a DAC, using a post-DAC, band pass filter to isolate a 
baseband replica that falls within that sidelobe of the 
DAC's sinc(x) frequency response containing the 
desired IF. The parameters of a pre-compensation filter 

so and the gain of a post DAC annplif ier are set to compen- 
sate fa the dstortion and attenuation imparted by the 
DAC's stnc(;0 frequency responsa 

Claims 

55 

1 . A method of up-converting a baseband si^ hav- 
ing a given txmdwidth to an ou^XJt signal liaving 
said given bandwidth centered at a prescrft)ed 



6 



11 



EP0817 369 A2 



12 



center frequency Ngher than that of said baseband 
signal comprising the steps of: 

(a) providing said baseband signal as a sam- 
pled Input baseband signal; s 

(b) provicfing a digrtal-to-analog converter that 
is operative to convert a sampled signal sip- 
plied thereto into an analog signal having a 
spectral content containing distorted replicas of 
the frequency content of said sampled signal at 10 
successively adjacent spaced-apart center fre- 
quencies: 

(c) modifying a prescribed frequency content of 
said sampled input baseband signal in accord- 
ance with a pre-compensation mechanism that is 
is operative to pre-distort said sampled base- 
band signal into a pre-distorted sampled base- 
band signal, such that processing of said pre- 
distorted sampled basebarxj signal by means 

of the digital-to-analog converter so as to pro- 20 
duce an analog output signal having a spectral 
content of said sampled baseband signal at 
successively acQacent spaced-apart center fre- 
querx;ies, but with normally distorted replicas 
thereof compensated by said pre-compensa- 25 
tion mechanism; 

(d) coupling said pre-distorted sampled base- 
band signal to said digital-to-analog converter, 
so as to produce said analog output signal in 
which said replicas of the frequency content of 30 
said sampled bas^>and sigrial have been com- 
pensated by said pre-compensation mecha- 
nism; and 

(e) subjecting the analog output signal so pro- 
duced to a bandjpass f iltenng operation which 3S 
produces a bartdpass-filtered analog output 
signal having a frequency content that is limited 

to a compensated replica of the frequerrcy con- 
tent of said t^asebarKJ signal at said presabed 
center frequency. 40 

2. A method as claimed in claim 1, characterized in 
that said digital-to-analog converter is operative to 
convert a sampled signal sipplied th^eto into an 
analog signal having a spectral content containing 45 
attenuated and distorted replicas of the frequency 
content of said sampled signal at said successively 
adjacent spaced-apart center frequencies, and fur- 
ther comprises ampfifying said bandpass-filtered 
analog output signal, so as to compensate for so 
attenuation of said replica of the frequerKy content 

of said baseband signal at sakJ prescribed center 
frequency. 

3. A method as claimed in claim 1 or 2, characterized ss 
tsy the baseband signal as sampled comprises: 

(a1) providing said baseband signal as a digit- 



ally sampled quadrature t>aseband signal, 
(a2) increasing the sampling frequency of said 
cfigitally sampled quadratire baseband signal 
into a preserved muK^e of the sampling fre- 
querKy thereof, 

(a3) up-converting the center frequency of said 
cfigitally sampled quadrature baseband signal 
to a first center frequency spaced apart from 
the center frequency of the digitally sampled 
quadrature baseband signal provided in step 
(a), and 

(a4) summing the quadrature components of 
said digitally sampled quadrature basebarxl 
sigial. having said first center frequency as up- 
converted in step (a3), to produce said sanrv 
pled input baseband signal. 

4. A method as claimed in claim 3, characterized 
amplifying said bandjpass-f iltered analog output sig- 
nal produced by said digital-to-analog converter, so 
as to compensate for attenuation of said repEca of 
the frequency content of said baseband signal at 
said presabed center frequency. 

5. A signal processing apparatus for up-converting a 
cfigrtally sampled baseband signal having a given 
t>arKlwidth to an analog output signal having said 
given barviwidth centered at a prescribed center 
frequency higher than that of said digital basebarxJ 
signal comprising: 

an input signal port to which said digitally sam- 
pled baseband signal is applied; 
a digital*to-analog converter that is operative to 
convert a sampled signal supplied ti^ereto into 
an analog signal having a spectral content con- 
taining distorted replicas of the frequency corv 
tent of said sampled signal at successively 
adjacent spaced-apart center frequencies; 
a pre-compensation fBter installed between 
saki input signal port and said digital-to-analog 
converter and being operative to pre-distort 
said digitalty sampled baseband signal into a 
pre-distorted digitally sampled baseband sig- 
nal, such tiiat processing of said pre-distorted 
cfigitally sampled baseband signal by said dg- 
ital-to-analog converter produces an analog 
output signal having a spectral content of said 
digitally sampled baseband signal at succes- 
sively acQacent spaced-apart center frequerv 
des. but with normally distorted repKcas 
thereof compensated by said pre-compensa- 
tion mechanism; and 

a bandpass filter which is cotpled to receive 
said analog output signal produced by said dig- 
ital-to-analog converter and produces a band- 
pass-filtered analog output signal having a 
frequency content that is finrvted to that of a 
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connpensated replica of the frequency corrteot 
of said baseband signal at said prescribed 
center frequency. 

6. A signal processing apparatus as claimed in claim s 
5, characterized in that said digital-to-analog con- 
verter is operative to convert a digitally sampled 
signal supplied thereto into an analog signal having 

a spectral content containing attenuated and dis- 
torted replicas of the frequerK;y content of said dig- w 
itally sampled signal at said successively adjacent 
spaced-apart center frequencies, and further com- 
prising an output amplifier which amplifies said 
bandpass-filtered analog output signal, so as to 
compensate for attenuation of said replica of the is 
frequency content of said digitaOy sampled base- 
band signal at said prescribed center frequency, in 
which said digitally sampled baseband signal com- 
prises a digitally sampled quadratinre baseband sig- 
nal, including a quadrature interpolation fitter which 20 
is operative to inaease the sampling frequency of 
said cf gitalty sampled quadrature baseband signal 
into a prescribed multiple of the sampling frequency 
thereof, an up-converter wf«ch is operative to ig>- 
converting the center frequency of said digitally 25 
sampled quadrature baseband signal to a first 
center frequency spaced apart from the center fre- 
quency of the digitally sampled quadrature base- 
band signal, and a connbnning unit which is 
operative to sum the quactature conponents of so 
said digitally sampled quadrature baseband signal, 
to produce said digitally sampled input baset>and 
signal that is applied to said input port 

7. A signal processing apparatus as claimed in claim 3S 
C, characterized in that said digital-to-ar^alog con- 
verter is operative to convert a digitally sampled 
signal supplied thereto into an analog signal having 

a spectral content containing attenuated and dis- 
torted replicas of the frequency content said dig- 40 
itally sampled signal at said successively adjacent 
spaced-apart center frequencies, conprisaig an 
output amplifier which is operative to amplify said 
band^ss-filtered analog output signal so as to 
compensate for attenuation of said replica of the 4S 
frequency content of said cfgitafiy sampled base- 
band signal at said prescribed center frequency 

8. An up-converter for a sampled baseband signal, 
said up-converter comprising a digital-to-analog so 
converter having a frequency domain cfisiortion 
function, a pre-compensation titer, having an input 

to which said sampled baseband signal is coMpled. 
and an output coupled to said digital-to-analog con- 
verter, said pre-compensation filter having a trans- ss 
fer function that compensates for d'^tortion of a 
selected portion of said frequerKy domain distor- 
tion furKtion containing a desired IF frequency, a 



bandpass f3ter to which the analog output of said 
dgital-to-analog converter is coupled, said band- 
pass fBter having a passband that isolates a 
respective replica of the frequency content of said 
baseband signal at said desired IF frequency, and 
inducing an amplifier to which the output of said 
bandpass titer is coupled, and is operative to 
an^ify the output of said bandpass fitter, so as to 
compensate for attenuation of signal by said fre- 
quency domain distortion function of said digrtal-to- 
anabg converter. 

9. An iq>converter as claimed in daim 8, character- 
ized in that said frequerK:y domain distortion func- 
tion comprises a sinc(x) function having respective 
sidelobes containing replicas of said baseband sig- 
nal, said bandpass filter has a passtsand that cov- 
ers at least the bandwidth of said baseband signal 
centered at said desired IF frequency, and prefera- 
bly said bandies filter has a passband having a 
lower frequency limit no less than the upper fre- 
quency boundary of an immediately lower replica of 
the frequency content of said baseband signal and 
an upper frequency limit no higher than the lower 
frequency boundary of an immediately higher rep- 
lica of the frequency content of said baseband sig- 
nal, wHh said pre-compensation filter located is 
upsfream of said quadrature interpolation fitter. 

10. An up-convertar as claimed \n daim 9, character- 
ized in that said pre-compensation fitter is a com- 
plex titer having a pre-compensation characteristic 
asymmetric about DC, along with an interpdation- 
by-two fitter and an up-converter stage upstream of 
said pre-compensation filter, arxJ a down-converter 
stage downsfream of said downstream of the pre- 
compensation filter, and preferably with a sample 
rate expander disposed ipstream of said dighal-to- 
analog converter arid being operative to mitigate 
sinc(x) roil-off effects in said digital-to-analog con- 
verter. 
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